Two mechanisms have been proposed to explain how colony-level foraging performance of leaf-cutting ants can be maximized when workers harvest leaf fragments of a size that does not maximize their individual performance. Each mechanism predicts that ants will adjust the size of leaf fragments between starting a foraging bout and establishing full traffic between the nest and foraging site, but the two models predict shifts in opposite directions. I examined fragment sizes at the start of daily foraging in five field colonies of Atta cephalotes in Costa Rica and detected an obvious shift in only one case. More shifts were detected when the small and large ends of the worker body size range were considered separately, but the direction was inconsistent among colonies. I also examined the role of returning laden workers in recruitment of nestmates by intercepting all laden workers for the first 2 h of foraging, and measuring the effect on the arrival of recruits at the foraging site. In two cases, the flow of recruits was not diminished by the interception of returning workers. The results suggest that neither mechanism correctly and consistently accounts for load size selection by leaf-cutting ants.
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The relationship between the individual and the group is at the heart of the organization of ant societies. With respect to foraging, this relationship is very variable between ant species: solitary workers locate and retrieve resources in some species; groups search and retrieve in others; and there are various combinations of individual and group action in others still (Beckers et al. 1989; Traniello 1989; Hölldobler & Wilson 1990; Detrain et al. 1999) . Leaf-cutting ants of the genus Atta have a particularly complex foraging process involving individual scouts and mass recruitment (Jaffe & Howse 1979), mass traffic flows involving tens of thousands of outbound and returning workers (Fowler et al. 1986) , and processing of leaf fragments by workers in the nest before they take them to the fungal gardens. Thus, harvest and use of leaf tissue involves a combination of individual and group action. How individuals fit into the collective effort of leaf-cutting ants, and the organizing principles of the collective behaviour, are scarcely understood.
The size of leaf fragments that are cut and carried by leaf-cutting ants is of particular interest in untangling group and individual behaviour, because workers take load masses that fail, on average, to maximize their individual performance. This is true whether performance is measured as gross rate of tissue delivery to the nest, energetic efficiency (Burd 1996a), or the product of leaf mass and carriage velocity (Burd 2000) . For example, during established exploitation of three vegetation sources on Barro Colorado Island, Panama, Atta colombica workers of 4 mm metathoracic femur length (about the average size) took loads that were, on average, about one-quarter to one-third below the size needed to maximize individual delivery rate or energetic efficiency (Burd 1996a). Similar suboptimal performance at the individual level has been found for Atta cephalotes in Costa Rica (Burd 2000) and Venezuela (unpublished data). Some confusion has been introduced by an earlier claim that leaf-cutting ants usually carry rate-maximizing loads (Rudolph & Loudon 1986) , but this conclusion is mistaken: misleading results were obtained because workers of all sizes were pooled in a single analysis, whereas the effect of load mass on foraging performance varies greatly among size classes in these highly polymorphic ants (Burd 2000). Thus, current evidence indicates that the foraging of Atta is not based on rate or efficiency maximization at the individual level.
What is the import of this finding? If a group of individually optimal ants were expected to form an optimal group, then the collective effort of the colony would be the sum of the parts. Given that workers are not, in fact, rate-maximizers as individuals, can they none the less collectively maximize the rate of gain at the whole-colony level? In particular, we would like to know
